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Available online 17 February 2016AbstractThe overall objective of the present study was to evaluate the autochthonous microbiota present in the anterior mucosa (AM),
posterior mucosa (PM) of the gut and gill (G) of Santi fish. Total count and total coliform bacteria in different sites in the river (Al-
Kamalia) were also assessed. Aerobic colony count (ACC) and total coliform bacteria (TCB) were enumerated using tryptone soy
agar andMacConeky agar, respectively. Most probable number (MPN) was employed to assess the coliform bacteria numbers in the
water.
Results showed that the mean log ACC and TCB in the AMwere 5.97 CFU g1 and 5.08 CFU g1, in the PMwere 5.77 CFU g1
and 4.66 CFU g1 and in the G were 5.96 CFU g1 and 4.89 CFU g1, respectively. In addition, the mean log ACC in water was
6.76 CFU mL1, while the mean log TCB assessed by MPN was 1.5 cell ml1.
Staphylococcus spp., Aeromonas sobria, Aeromonas hydrophila and Escherichia coli were isolated from both fish and the water
samples, Citrobacter freundii was identified in the anterior mucosa and gill. E. coli, Klebsiella pneumonia, Enterobacter spp. and
Citrobacter spp. were the common coliform bacteria isolated from the river.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Microbiota; Santi fish; Gut; Gill; River water1. Introduction
Aquatic animals, including fish, are in more inti-
mate contact with external microbes than terrestrial
animals [1]. Therefore, the microbiota of fish gastro-
intestinal tract (GIT) and gills is considered to be a* Corresponding author.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/reflection of the composition of the microbiota of the
rearing water [2].
The GIT microbiota of an organism usually consists
of a diverse community of non-pathogenic, pathogenic
and commensal bacteria which differs between fish
species and between different life stages in the same
species [3]. In addition, the GIT microbiota are
different in the composition and density among
different regions [4], due to the fact that the GIT
contains different physico-chemical conditions (e.g.
concentrations of acids, bile salts and enzymes) in then behalf of University of Kerbala. This is an open access article under
4.0/).
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been reported to fulfill several roles including
providing a defence barrier, improvement of the im-
mune response, contributing to the maintenance of the
integrity of the mucosal surface [4] and helping in
digestive process of fish by producing vitamins and
enzymes [7]. Leroi [8] reported that factors related to
the aquatic environment, including the levels of dis-
solved oxygen, temperature, salinity, may affect the gut
microbiota. On the other hand, water quality, the
physiological status of fish and establishment of fish
microbiota are directly affected by aquatic
microorganisms.
Fish gills are directly subjected to physical damage
and thought to be the route of infection by different
causative agents including bacteria, fungi and viruses;
leading to gill dysfunction [9].
At present however, very little information is
available about microbiota of Santi fish in Iraq.
Therefore, in this work we investigated the micro-
bial community in GIT and gill of Santi fish and the
rearing water using culture-dependent techniques.
2. Materials and methods
2.1. Fish sampling
Fish (n ¼ 3) were captured directly by fisheries
from the local river (Al-Kamalia, 2 km in long) in
Kerbala city/Iraq.
Under sterile conditions, three fish were dissected
and the GI tracts were excised. The intestine from each
fish was divided into two sampling regions: the anterior
mucosa (AM) and posterior mucosa (PM). After cut-
ting at the proximal border between the two sections,
digesta from the anterior and posterior regions was
removed [10]. Each section was aseptically opened
with a sterile scalpel and washed thoroughly three
times with phosphate buffered saline (PBS; Oxoid,
Basingstoke, UK) for trying to remove allochthonous
bacteria. Additionally, samples (n ¼ 3) were taken
from gill (G). Sample material of AM, PM and G (1 g
wet weight) was homogenized in 9.0 mL of PBS (pH
7.3, Oxoid) using a macerator for 30 s.
2.2. Water samples
Sterile glass containers (250 mL) were used for the
collection of river water from three different sites
(about 750 m the distance between the sites). Water
samples were collected at 15e20 cm below the water
surface to avoid surface contamination. Appropriateserial dilutions were made by transferring 1 mL of
samples between filled tubes with 9 mL of PBS.
2.3. Culture-dependent methodology
To determine the aerobic colony count (ACC) and
total coliform bacteria (TCB) of the gut and gill,
0.1 mL of each dilution was spread on the surface of
tryptone soya agar and MacConeky agar (Oxoid, UK)
plates in duplicate and incubated at 30 C and 37 C,
respectively for 48 h. The same condition was followed
to determine the ACC of water.
All colonies from plates containing 30e300 CFU
were counted to determine the number of ACC (CFU)
present in the samples.
2.4. Most probable number (MPN)
Total coliforms for river water samples were
enumerated by the five-tube, most probable number
(MPN) procedure [11]. From all positive presumptive
tubes, total coliforms were confirmed by the formation
of gas in any amount in the Durham fermentation
tubes of MacConeky broth at any time within 48 h.
The MPN index values for total coliforms were
calculated from the number of positive MacConeky
tubes. One loop from each positive tube was spread on
to MacConeky agar and plates were incubated at 37 C
for 48 h.
2.5. Isolation of bacteria
Forty five colonies from TSA plates (10 colonies
from each region and 15 colonies from water samples)
and thirty six colonies from MacConeky agar (7 col-
onies from each region and 15 colonies from water
samples) were randomly selected from plates con-
taining 30e300 CFU. The representative colonies were
classified into different types according to the colony
characteristics of shape, size, structure, surface, edge,
color and opacity [12]. Colonies were then sub-
cultured on TSA and MacConeky agar (as appro-
priate) repeatedly until pure cultures were obtained
[13]. Although repeated attempts on appropriate media
were conducted, approximately 10e15% of isolates
were failed to re-culture. The isolates were stored at
4 C.
2.6. Identification of bacteria
To identify the selected bacterial isolates to genus or
species level, approximately 65 colonies were
Table 1
Summary of the bacterial isolates based on biochemical tests. Nu-
merical values represent the number of isolates out of the total
numbers.
Bacterial species Aerobic plate count Total coliforms
AM PM G W AM PM G W
Staphylococcus spp. 4 2 1 3 0 0 0 0
Pasteurella pneumotropica 0 0 0 1 0 0 0 0
Aeromonas sobria 1 3 0 1 0 0 1 0
Aeromonas hydrophila 2 2 2 3 0 0 0 0
Moraxella sp. 0 0 0 1 0 0 0 0
Bacillus sp. 0 0 0 1 0 0 0 0
Escherichia coli 1 2 0 3 0 0 0 4
Citrobacter braakii 0 0 0 0 0 0 0 1
Citrobacter freundii 1 0 1 0 1 2 1 1
Citrobacter koseri 0 0 0 0 0 0 0 1
Klebsiella pneumonia 0 0 0 0 0 0 0 3
Enterobacter aerogenes 0 0 0 0 1 1 0 1
Enterobacter sakazakii 0 0 0 0 1 0 1 3
Pantoea sp. 0 0 0 0 0 0 0 1
Sample codes, AM-anterior mucosa, PM-posterior mucosa, G-gill and
W-water.
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mation (observed from Gram stain) [12]. The isolates
were then subjected to biochemical tests using API
20E following the criteria described in the Bergey's
Manual of Systematic Bacteriology [12].
2.7. Statistical analyses
The means and standard deviation were calculated
for all data and to test for significant differences for
TCC and TBC between the fish and water samples and
between fish regions, we applied a one-way analysis of
variance (ANOVA), followed by post hoc LSD (Min-
itab statistical software version 16; PA, USA). The
accepted level of significance was P < 0.05.
3. Results
3.1. Culture-dependent analysis
The ACC and TCB levels in G, AM, PM of Santi
fish and water showed more variation between fish
samples in comparison to that of water samples. ACC
levels were log 5.96 ± 0.27, 5.97 ± 0.31,
5.77 ± 0.26 CFU g1 and 6.76 ± 0.39 CFU mL1 in
the G, AM, PM and water, respectively. TCB levels
were log 4.89 ± 0.14, 5.08 ± 0.07,
4.66 ± 0.27 CFU g1 and 1.49 ± 0.23 cell 100 mL1 in
the G, AM, PM and water, respectively. Densities
based on ACC were significantly higher in water
compared to fish samples (P ¼ 0.041), while there
were no significant differences between the different
fish samples for either TCB levels or ACC. The di-
versity of the ACC and TCB which were isolated from
fish and water samples are presented in Table 1.
Out of 65 isolates which were tested by biochemical
test, 57 isolates were identified. Staphylococcus spp.,
Aeromonas sobria, Aeromonas hydrophila and
Escherichia coli were identified in both water and fish
samples, but the number of isolates were higher in
water samples. Citrobacter freundii was isolated from
fish samples only.
The results of M.P.N. showed that the water samples
were dominated by E. coli, Klebsiella pneumonia and
Enterobacter sakazakii.
A number of other species were present at lower
levels in water samples including Citrobacter braakii,
C. freundii, Citrobacter koseri, Enterobacter aero-
genes, Pantoea sp., Moraxella sp. and Bacillus sp. In
addition, C. freundii, Enterobacter aerogenes and
Enterobacter sakazakii were isolated from fish and
water samples.4. Discussion
To the authors’ knowledge, the present study is the
first investigation of the autochthonous gut and gill
microbiota of Santi fish in Iraq. The results of the
current study showed that the mean log for ACC and
TCB in the river were log 6.76 CFU mL1 and
1.49 cell 100 mL1, respectively.
In contrast to these findings, Al-Hisnawi [14] found
that the mean log for ACC and TCB in the same river
were log 4.2 and 3.2 CFU mL1, respectively. In
addition, the current results of ACC were higher than
that of Al-Bayatti et al. [15], and Al-Jebouri and
Edham [16].
The current results reflect that the Iraqi rivers are
subjected to different kinds of contamination sources
and this needs to legislate proper laws by the relevant
authorities to determine the risk of contamination of
drinking water.
The knowledge of microbiota associated with Santi
fish is limited, knowing that fish take a large number of
bacteria into their gut and gills from water and food
[1].
No large differences were found between gut re-
gions and gill, while the bacterial numbers in the water
were one log cycle higher than that of the fish samples.
These results are in disagreement with the study of
Cahil [17] who found the number of bacteria in gut
regions to be much higher than that of those in the
surrounding water. This could be attributed to the high
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mesophilic bacteria [18].
There is no previous literature available for com-
parison as this is the first study on the bacteriology of
Santi fish in Iraq.
However, the microbial community in the different
species of warm water fish has been investigated
before. For example, Al-Harbi and Uddin [19,20] re-
ported that the total viable count of bacteria in gills of
hybrid tilapia and common Carp was higher than in the
current study, while in another study of by the same
authors the total viable count of bacteria in the intes-
tine of hybrid tilapia was lower than the results of the
current study [21].
These variations in previous studies will undoubt-
edly be due to differences in fish species and experi-
mental conditions.
In this study most of the identified bacterial isolated
from fish and water samples were Staphylococcus spp.,
A. sobria, A. hydrophila and E. coli.
In agreement with the current results, Staphylo-
coccus spp. have been previously reported to be present
in the intestine of fish [22,20] and water [23,24]. A.
sobria and E. coli were isolated in this study from the
posterior mucosa and water, while A. hydrophila was
isolated from all fish samples and water. This observa-
tion suggests that water bacteria influenced the bacterial
composition of gills and intestine of fish, in spite of the
fact that other genera were present at lower levels in
water samples but not in fish samples including Mor-
axella sp., Bacillus sp. and Pasteurella pneumotropica.
Aeromonas spp. are frequently dominant among
culturable bacteria in the intestine of fish [9,10,20].
Fish diseases, characterized by large ulcers and hem-
orrhagic septicemia, are caused by some species of
Aeromonas including A. sobria and A. hydrophila [25].
Although A. hydrophila is usually the dominant spe-
cies, other aeromonads, including A. sobria, have also
been isolated from water sources [26].
Coliform bacteria are Gram-negative, oxidase-
negative, non-spore forming rods, which ferment
lactose with gas production at 35e37 C, after 48 h
incubation time [18]. The normal habitat of these
bacteria is the intestines of warm-blooded animals,
therefore their presence in environmental waters in-
dicates faecal pollution, including the potential pres-
ence of pathogenic microorganisms [27].
The most dominant genera in the current study iso-
lated from the water samples were E. coli, Citrobacter
spp., Kl. pneumonia and Enterobacter sakazakii. E.
coli, C. freundii, En. aerogenes and En. sakazakii were
isolated from both fish and water samples.E. coli is a natural and common part of the micro-
biota in the gut of humans and animals. These micro-
organisms have been identified in the gut of hybrid
tilapia [21,22], gill of hybrid tilapia [9], gut of brown
trout [10] and the water [24].
Citrobacter spp., in particular, C. freundii, is an
intestinal microbe found in humans and animals that is
commonly considered opportunistic pathogen as a
causal disease agent in humans [18], but not in healthy
fish hosts. C. freundii were the dominant genera in the
gut of brown trout [10]. Other genera of coliform
including Enterobacter spp. and Klebsiella spp. were
isolated from the fish and water samples which sup-
porting previous studies [10,24].
The fish microbiota composition was reflected by
the bacterial community of water. The bacteria of gut
and gill were somewhat similar to the bacteria of water,
indicating that the microbiota of fish could be influ-
enced by the microbial community of the aqueous
environment.
To gain a better overall understanding of Santi fish
microbiota a comprehensive investigation should be
conducted in further studies which should incorporate
more sensitive molecular methods such as denatur-
ation gradient gel electrophoresis (DGGE), clone
library analysis and fluorescence in situ hybridization
(FISH).
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